Background: Chronic rocking dizziness, often described as the feeling of being on a boat, is classically triggered by prolonged exposure to passive motion. Patients with this motion-triggered sensation of rocking, which is also known as mal de debarquement syndrome, often develop new onset headaches along with the dizziness. Chronic rocking dizziness has also been noted in vestibular migraine, occurring without a motion trigger. We sought to clarify the association between both motion-triggered (MT) and non-motion-triggered (non-MT) chronic rocking dizziness and headache history. Methods: Our methods included questionnaire and interview study of subjects with either MT or non-MT chronic rocking dizziness. Results: Onset of headaches was earlier in patients with non-MT rocking dizziness (median 26 years: MT; 16 years: non-MT). In MT subjects, there was a bimodal peak of age of onset of headache (20-29 years and 40-49 years). Most headache met criteria for migraine in both groups. By the time that chronic dizziness occurred, both groups had a comparable prevalence of migraine headache (41%: MT; 46%: non-MT). Pre-existing headache usually worsened after the onset of dizziness. Discussion: Though rocking dizziness does not meet current criteria for vestibular migraine, migraine physiology may predispose to, develop in, or worsen with the onset of chronic rocking dizziness.
Background
The relationship between headache and dizziness is necessarily complex as both are subjective experiences with large quantitative and qualitative variability. However, more unique forms of dizziness that are associated with migraine headaches may reveal distinct pathways for how dizziness and headache can be functionally related.
Mal de debarquement syndrome (MdDS) is the term applied to the classical motion-triggered (MT) form of dizziness that occurs after exposure to prolonged passive motion (1) . This phenomenon of post-motion exposure rocking dizziness is generally short lived and is common even in healthy young males (2, 3) . However, this dizziness can sometimes persist for months or years with the most common demographic for persistent post-MT rocking dizziness being women between the ages of 40 and 50 years (4) . Patients who develop this particular kind of dizziness describe the sensation as a feeling of ''rocking on a boat.'' Non-motion-triggered (non-MT) rocking dizziness has been described as a symptom in other clinically defined syndromes. 1) Cohen et al. described rocking dizziness as a symptom in 41% of patients with vestibular migraine, but the criteria for diagnosing vestibular migraine was considered to be ''inclusive'' in this paper (5) . It is unclear whether these patients would have met the most recently proposed criteria for 1 Laureate Institute for Brain Research, OK, USA 2 University of California Los Angeles, CA, USA 3 Stony Brook Medical Center, NY, USA vestibular migraine (6) . 2) Patients diagnosed with chronic subjective dizziness (CSD) have been reported to describe a rocking and swaying sensation similar to those with classic MdDS but the prevalence of migraine in this group was reported to be no higher than population baseline (about 16.5%). CSD is likely more heterogeneous than MdDS, as it is divided into psychogenic, otogenic, and interactive groups. A hallmark difference between MdDS and CSD is that symptoms of CSD are worsened by exposure to motion, whereas the rocking of MdDS improves with motion (7) . 3) Rocking dizziness has been linked to phobic postural vertigo since many patients with rocking dizziness develop intolerance to visual complexity, a key feature of phobic postural vertigo. Phobic postural vertigo, however, is usually an episodic disorder with clear environmental triggers and a high comorbidity with agoraphobia, with or without concurrent panic disorder (8) . Detailed psychiatric profiling of patients with chronic rocking dizziness remains to be performed, but the current literature on MT chronic dizziness does not support a primary psychogenic origin.
In addition to sharing a common description of dizziness, we have found that many patients with MdDS develop headache with the onset of this syndrome and that a large proportion of patients with non-MT chronic rocking dizziness already have a personal history of headaches. However, a comparison of these two groups has not been presented in the literature to clarify the relationship that each has to headaches, in particular, migraine.
Therefore, in order to help clarify the relationship between chronic rocking dizziness and headache, we contacted, surveyed, and interviewed subjects whose predominant dizziness symptom was that of a chronic sensation of rocking. Our goals were to determine whether there are any significant differences between patients who develop MT rocking dizziness (MdDS) and those who develop non-MT rocking dizziness in terms of their clinical history of dizziness or headaches.
Methods
The following study design was performed in compliance with the Institutional Review Board of the University of California Los Angeles (UCLA), and specifically reviewed by Medical IRB 3, which oversees neuroscience research. Two-hundred-eighty-three participants with chronic rocking dizziness were recruited for this questionnaire study and were predominantly identified through a University Neurology database spanning the years 1985-2011. Of this total, about two-thirds were recruited from this database. The remaining one-third of the participants had contacted the investigators to participate in the study after hearing about research on MdDS at UCLA from other sources. Potential subjects were screened by reviewing their medical record, if available, or by an initial screening interview to determine their diagnosis. The study period extended from July 2011 to June 2012.
Subjects were included in the study if the following criteria were met: 1) Primary symptom of chronic rocking dizziness lasting at least one month; 2) for MT subjects, symptoms must have occurred within two days of disembarking from a boat, airplane, or land vessel with motion exposure lasting at least two continuous hours; 3) for non-MT subjects, no prolonged motion exposure of more than two continuous hours must have occurred within one month of the onset of their symptoms; 4) normal peripheral vestibular function testing with either an electronystagmogram or videonystagmogram; 5) there was no other cause for the rocking dizziness after an evaluation by a neurologist or otolaryngologist with appropriate testing.
All subjects provided written informed consent and were provided a Subject Bill of Rights document. If they indicated a willingness to be contacted after completing the questionnaire, they were interviewed over the telephone to clarify any answers. Only clear and unambiguous answers were tabulated.
Age of onset of rocking dizziness, headache, number of distinct episodes lasting at least one month, triggers, and effect of motion on rocking perception were ascertained. In order to determine a diagnosis of migraine headaches, subjects were asked about each component of the International Classification of Headache Disorders (ICHD) II criteria for migraine, i.e. severity, duration, quality, sidedness, number, and associated symptoms of photophobia, phonophobia, nausea, and visual aura (9) , as well as other neurologic symptoms experienced during headaches. For the purposes of the study, the term vertigo was narrowly defined as the illusion of spinning. These scores were tabulated by a research assistant who did not have knowledge of the subjects' previous diagnoses.
Statistical analysis
Two-sample unpaired t tests were performed for all continuous variables. Wilxcon Rank Sum tests were performed for the age of onset of headache and dizziness as they followed a non-parametric distribution. Fisher's exact tests were calculated for categorical variables such as sex and presence of certain aura features. A Kruskal-Wallis equality of populations rank test followed by a chi-squared test to account for ties in rank was performed to evaluate differences in the effect of motion on symptoms, number of episodes, and continuation of symptoms at time of study. All p values reported are two tailed. An alpha level of 0.05 was used as a cut-off for significance, with Bonferroni correction for multiple comparisons when significance was achieved. Percentages were rounded off to the nearest whole numbers. Therefore, percentage totals may not equal 100%.
Results
A total of 135 questionnaires were returned. Three subjects returned cards indicating that they did not wish to participate. Twenty-two envelopes were returned for wrong addresses. After removing subjects who had rocking dizziness for less than one month, those in whom a clear distinction between MT and non-MT symptoms could not be determined, and those in whom adequate information to confirm a diagnosis of migraine headache was not available, 117 subjects remained. In total, 76 subjects with MT and 41 subjects with non-MT chronic rocking dizziness were included in the final analysis.
Demographics
Both groups showed a female predominance of more than 80% and an average age of onset of the first lifetime episode of chronic rocking dizziness in the fifth decade ( Table 1 ). The median age of onset of rocking dizziness was several years younger in the non-MT group but this was not statistically significant.
In the MT group, sea travel was the most common trigger (66%), followed by air travel (36%) and land travel (9%). Sea travel included cruises, ferries, rafting, and small boats. Air travel was always on a commercial airline. Land travel could include cars, buses, or trains. In some subjects, there was more than one trigger associated with the onset of rocking dizziness so the total exceeded 100%.
Episode features
For most subjects, there was only one clear lifetime episode of rocking dizziness lasting at least one month (61% MT; 59% non-MT, chi-squared ¼ (Table 1) . A classic phenomenon in MT chronic rocking dizziness is the temporary reduction of the rocking perception with re-exposure to passive motion, such as driving or riding in a car (10, 11) . Therefore, subjects were asked what effect driving had on their symptoms.
In the MT group, the majority experienced reduction in the rocking perception with driving (87%), with only one subject reporting feeling worse (1%). In the non-MT group, driving reduced symptoms in most subjects (70%) but also worsened the rocking in a small group (10%), leading to an overall difference in motion effects in the two populations (chi-squared with ties ¼ 4.105,
Association with headache
Subjects were asked whether they were ever significantly bothered by headaches in their lifetime and at what age these started. They were asked whether specific features or associated symptoms of their headache changed after rocking dizziness began.
The median age of onset of headache was significantly lower in subjects with non-MT rocking dizziness (median 26 years MT; 16 years non-MT, p ¼ 0.005). In both groups, more than half of the subjects reported experiencing significant headache in their lifetimes (57% MT; 59% non-MT) with the majority qualifying for a diagnosis of migraine (41% MT; 46% non-MT). As a proportion of the headaches experienced by the subjects, 72% of MT and 79% of non-MT headaches were migraines. In subjects with MT dizziness, 18% had migraine headaches before the onset of dizziness, whereas 27% of non-MT subjects had prior migraine headaches. In both groups, new headaches that met the criteria for migraine also started with the onset of their chronic rocking dizziness (Table 2) .
In both groups, there were a significant proportion of subjects who reported experiencing at least two lifetime episodes of visual auras lasting between five and 60 minutes (29% MT: 44% non-MT). In 7% of MT and 10% of non-MT subjects, the onset of the visual aura coincided with the onset of rocking dizziness. There were no significant differences in the prevalence of other potential aura symptoms between the two groups ( Table 2 ).
Relative age of onset of headache and dizziness
When the age of onset of rocking dizziness was compared to the age of onset of headache in the two groups, the MT group showed two peaks of onset of headache with the second peak coinciding with the onset of rocking dizziness in about half of the subjects. In the non-MT group, the headaches more frequently preceded the onset of dizziness (Figure 1 )
Change in headache frequency with dizziness onset
Because existing headaches can also change in frequency with the onset of dizziness, we asked subjects to describe the frequency of headache they experienced. They were given six choices and were asked to choose the response that best described the frequency of their They were asked to give a score for before and after the onset of rocking dizziness. Figure 2 shows the change in headache frequency for MT and non-MT subjects. In both groups, there was a shift toward an increased frequency of headaches after the onset of rocking dizziness.
In order to determine which groups of subjects were contributing to the increased frequency of headaches, all subjects were grouped according to their initial headache frequency. Change in headache frequency, whether increased, decreased, or no change, were counted for each group. The average change in score was noted.
Overall, most subjects noted either an increase or no change in headache frequency with the onset of the rocking dizziness. However, most of the increase in headache frequency was experienced by subjects who had never or only occasionally experienced headache prior to the onset of dizziness (Table 3 ). Only 11 of 117 subjects reported a decrease in headache frequency after the onset of rocking dizziness.
Discussion
In trying to understand the biological links between headache and dizziness, it is probably not wise to group all forms of migraine-related dizziness together and demand a common behavior among them. The spectrum of dizziness associated with migraine is wide, and detailed study of each type may open a window into understanding a particular component of migraine physiology.
In this study, we found that the baseline prevalence of migraine headache in MT rocking dizziness (MdDS) was not much higher than averages reported for United States (US) women. A migraine prevalence of about 17%-18% in women has remained relatively consistent over the last two decades (12, 13) . This is similar to our finding in a previous smaller study of subjects with MdDS (10) . Once the rocking dizziness syndrome settled in, however, the percentage of subjects meeting criteria for migraine was significantly higher than population baseline. As shown in Figure 1 , there were two peaks of onset of headache in this group: one at a typical younger age, and one two decades later. The second peak coincided exactly with the onset of the rocking dizziness in about half of the subjects, suggesting that headaches are part of this syndrome in a significant proportion of these patients. This bimodal peak has also been described in migraine headache alone, suggesting that perhaps there is a common vulnerability to both migraine headaches and MdDS that occurs at this stage of life (14) . Given the peak incidence of MdDS in the fifth decade and predominance of women experiencing this syndrome, there are also likely to be age-, hormonal-, and neuroplasticity-related brain changes that are relevant risk factors.
In contrast, a prior history of headaches does appear to be one possible risk factor in the development of non-MT rocking dizziness. This is supported by a prior finding that even in subjects with classical MdDS, a personal history of migraine is much more prevalent in those who go on to develop spontaneous recurrences of the same rocking dizziness after an MT episode (10) . Although we had expected that the prevalence of migraine would always be higher in the non-MT group at every decade, we found that the overall prevalence of headache in both MT and non-MT rocking dizziness were quite similar by the time that rocking dizziness had developed. The main difference between these groups was the significantly earlier age of onset of headache in the non-MT group.
The terminology used to describe the association between migraine and dizziness has changed through the years, but the International Headache Society, in collaboration with the Committee for Classification of Vestibular Disorders of the Barany Society, has recently settled on the term vestibular migraine. A diagnosis of definite vestibular migraine will be included in the appendix of the International Classification of Headache Disorders third edition (15) . This definition includes recurrent episodes of either vertigo or head motion-induced dizziness with nausea, with acute symptoms limited to five minutes to 72 hours.
The definition of vertigo for these criteria was derived directly from the consensus document for the Committee for the Classification of Vestibular Disorders of the Barany Society, which created the International Classification of Vestibular Disorders (ICVD) criteria (16) . These criteria separate vertigo from other dizziness, with vertigo defined as a sense of self-motion when no actual self-motion is occurring, and dizziness defined as spatial disorientation without a false sense of motion. Under the ICVD criteria, symptoms triggered by prolonged passive motion ''as occurs following sea voyages'' are categorized under both ''Other triggered vertigo'' (ICVD 1.2.7) as well as ''Other triggered dizziness,'' (ICVD 2.2.7).
The Consensus document on vestibular migraine outlined restrictions on the kinds of vertigo that can contribute to a diagnosis of vestibular migraine to include those that are spontaneous, or triggered by positional, vision, or head motion changes (15) . It specifically excluded sound-induced, Valsalvainduced, orthostatic, and other triggered vertigo (16) . Head motion-induced nausea was included in the criteria for vestibular migraine but other forms of dizziness were specifically excluded in order to enhance specificity (6) . Therefore, the phenomenon of MdDS was technically excluded in the diagnostic umbrella of vestibular migraine. Despite the high temporal correlation between migraine onset and rocking dizziness in some subjects, the behavior of rocking dizziness whether motion induced or not, also does not fall into the current conceptualization of vestibular migraine as an episodic disorder (6) . Similar to the diagnosis of migraine headaches, a diagnosis of definite vestibular migraine requires at least five episodes lasting less than 72 hours. In contrast, rocking dizziness usually starts as a chronic disorder with a single episode potentially lasting months or years. However, if the diagnosis of vestibular migraine is revised to include a chronic subtype, then many patients with non-MT rocking dizziness may be able to fit into these criteria.
There are several other distinctions between rocking dizziness and other forms of vertigo or dizziness, however. 1) The dizziness of MdDS or other rocking dizziness is almost never described as true rotational vertigo, is generally not associated with nausea, and is not associated with the peripheral vestibular deficits occasionally seen in vestibular migraine (4, (16) (17) (18) . In this study, only six total subjects specifically reported experiencing rotational vertigo during their migraine headaches. 2) Rocking dizziness usually improves with exposure to motion, as shown in this study, which is opposite the general pattern reported for vestibular migraine (10, 11, 19) . 3) In a survey study, selective serotonin reuptake inhibitors and benzodiazepines were reported to be the most effective symptomatic treatments for rocking dizziness, whereas tricyclic amines frequently worsened symptoms (10) . Although rigorous controlled trials on treatment for rocking dizziness are lacking, this pattern is not consistent with evidence through retrospective studies showing that medications effective in preventing migraine headaches may also be effective in preventing recurrent migraine-related vertigo spells (10, 18, (20) (21) (22) .
Patients who present with rocking dizziness from MTs versus non-MTs are almost indistinguishable from a symptom standpoint, which has led some clinicians to refer to patients with non-MT chronic rocking dizziness as exhibiting an ''MdDS-like'' or ''spontaneous MdDS'' syndrome (23) . A small proportion of patients with non-MT dizziness may experience worsened symptoms with motion while this is quite unusual in the MT group. Nevertheless, the majority of subjects in both groups reported temporary improvement in the perception of rocking when passively moved. It is possible given these similar features that these two groups have converged on the same abnormal brain physiology despite entering via different mechanisms. That migraine physiology can be induced by rather innocuous stimuli like prolonged periodic motion may be a clue as to the nature of the intrinsic vulnerability of this brain state.
Supporting the possibility of a shared pathway in these two clinical phenomena is that a prior episode of MT rocking dizziness (MdDS) can be a risk factor for what appears to be spontaneous re-emergence of similar rocking dizziness (10) . We hypothesize that classic MdDS is inducing activity within this pathway, whereas prior migraine physiology lowers the threshold to unmasking latent activity in the same pathway. Both lead to the same core physiology and symptom complex (Figure 3 ). Functional imaging studies in MdDS have shown increased resting state connectivity between visual processing areas and the left entorhinal cortex, a major driver of cerebral oscillatory activity, in these subjects (24) . This is in the context of reduced connectivity with prefrontal circuits that regulate limbic activity. Continuous vestibular stimulation by exposure to a periodically moving vessel may have entrained these circuits to alter functional connectivity between posterior visual-vestibular processing areas and the entorhinal cortex over time, thus changing the way that new somatosensory information is processed and stored. One collateral effect of this is the induction of migraine headaches in some people. If similar functional changes also exist in patients with non-MT rocking dizziness, where migraine is the dominant risk factor, brain activity mediated through connectivity with the entorhinal cortex may be key in understanding the relationship between dizziness and headache. A limitation to our study is that subjects who referred to their abnormal head sensations as ''pressure,'' ''fullness,'' or ''heaviness,'' but did not consider themselves to be experiencing head pain were not tallied as having headache. However, from the follow-up interviews, it seemed that these were important symptoms that were also typically chronic. These descriptions may be relevant to the overall clinical picture of rocking dizziness and may be important to investigate in future studies.
A second limitation is inherent in any study acquiring historical data, which is that when assessing the change in frequency of headache, there is a risk of recall bias of previous health. The burden of headache in the context of another disruptive symptom may appear to be greater. Completely new headaches would be less likely to suffer from this recall bias, but milder headaches that may not have been noted previously may have become more salient to the patient as the overall burden of illness grew with time.
A final limitation is that as this study was administered through a tertiary-care center, we may have selected for subjects with more severe symptoms, especially those with longer duration of symptoms. Indeed, because both classical MdDS and non-MT dizziness are often not recognized as distinct clinical entities, many patients spend years seeking a diagnosis before their clinical picture is recognized (25) .
This study investigated one aspect of a balance syndrome predominantly characterized by abnormal perceptions of rocking. There are certainly many other relevant comorbid factors involved, particularly because only half of the subjects in the study reported headache. Although not discussed in this work, other factors such as anxiety, hormonal changes, and other physiologic stress may also be important associated factors. These other factors are being investigated in separate analyses of this same population. The contribution of headache and specifically migraine to the syndrome of rocking dizziness appears to be quite significant, however, whether or not motion triggers are recognized.
Clinical implications
. Mal de debarquement syndrome (MdDS) is the term applied to the persistent chronic rocking dizziness that occurs after exposure to passive motion. This can be associated with new onset headaches. . A prior history of migraines is frequently seen in patients who develop the spontaneous onset of chronic rocking dizziness without a motion trigger. . In these two groups, headaches often worsen after the onset of rocking dizziness. . Rocking dizziness does not fit the current criteria for vestibular migraine because of its chronic rather than episodic nature. MdDS specifically is considered a form of ''other triggered'' vertigo or dizziness, which was not included in current conceptualization of vestibular migraine. . Re-exposure to motion reduces symptoms in most patients, but occasionally can worsen symptoms in non-motion triggered situations.
